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(54) SEPARATOR AND LITHIUM ION SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a separator for a lithium ion secondary battery wliere 
safety is improved, and the lithium ion secondary battery using the same. 
SOLUTION: [1] A separator for the lithium ion secondary battery comprising a polyolefin 
porous membrane and a polyester resin porous membrane. [2] A separator for the lithium ion 
secondary battery comprising laminate of the polyolefin porous membrane and the polyester 
resin porous membrane. [3] The separator for the lithium ion secondary battery comprising 
laminate of the polyolefin porous film and the polyester resin porous film, and bonding both 
with an adhesive. [4] In a nonaqueous electrolyte lithium ion battery containing a positive 
electrode sheet, a sieparator, a nonaqueous electrolyte and a negative electrode sheet, the 
lithium ion secondary battery formed by using either one of the separators mentioned in [1] to 
[3] as the separator, 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The separator for rechargeable lithium-ion batteries characterized by consisting of polyolefine 
porous membrane and polyester resin porous membrane. 

[Claim 2] The separator for rechargeable lithium-ion batteries characterized by coming to carry out the 
laminating of polyolefine porous membrane and the polyester resin porous membrane. 
[Claim 3] The separator for rechargeable lithium-ion batteries which carries out the laminating of 
polyolefine porous membrane and the polyester resin porous membrane, and is characterized by coming 
to join both together with adhesives. 

[Claim 4] The separator for rechargeable lithium-ion batteries according to claim 1 to 3 whose 
polyolefine porous membrane is polypropylene porous membrane and/or polyethylene porous 
membrane. 

[Claim 5] The separator for rechargeable lithium-ion batteries according to claim 1 to 4 whose polyester 
resin porous membrane is a nonwoven fabric, paper, or textile fabrics. 

[Claim 6] The separator for rechargeable lithium-ion batteries according to claim 1 to 5 with which 
polyester resin consists of a copolymer of polyethylene terephthaiate, polybutylene terephthalates, 
and/or these resin. 

[Claim 7] The separator for rechargeable lithium-ion batteries the voidage of whose the thickness of 
polyester resin porous membrane according to claim 1 to 6 is 5-50 micrometers, and is 40 to 95 volume 
%. 

[Claim 8] The separator for rechargeable lithium-ion batteries which polyester resin porous membrane 
according to claim 1 to 7 uses as a nonwoven fabric, paper, or textile fabrics, and comes to carry out 

calender processing using polyester resin fiber 3 deniers or less. 

[Claim 9] The separator for rechargeable lithium-ion batteries which polyester resin porous membrane 
according to claim 1 to 8 mixes polyester resin fiber 3 deniers or less with binder fiber, uses the obtained 
fiber as a nonwoven fabric, paper, or textile fabrics, and comes to carry out heating calender processing. 
[Claim 10] The rechargeable lithium-ion battery characterized by coming to use a separator according to 
claim 1 to 9 as this separator in the nonaqueous electrolyte lithium ion battery containing a positive- 
electrode sheet, a separator, nonaqueous electrolyte, and a negative-electrode sheet. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rechargeable lithium-ion battery which used the 

separator for rechargeable lithium-ion batteries, and it. 

[0002] 

[Description of the Prior Art] In recent years, although the miniaturization is progressing quickly, the 
demand of a miniaturization and lightweight-izing of a cell use device [ a portable electronic device or ] 
has been increasing also about the rechargeable battery used as a power source of these electronic 
equipment in connection with it. Since the high voltage and a high energy consistency are expected, the 
rechargeable lithium-ion battery is used for such an application. In the rechargeable lithium-ion battery, 
since it has the property excellent in the porous membrane made from polyolefine as a separator isolated 
in a positive electrode and a negative electrode, it is used abundantly. However, the separator which can 
raise safety further was demanded in the situation that a miniaturization and high energy consistency- 
ization are desired further. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the rechargeable 
lithium-ion battery using the separator for rechargeable Uthium-ion batteries and it whose safety 
improved further. 
[0004] 

[Means for Solving the Problem] this invention persons resulted that safety improved further in header 
this invention, when polyester resin porous membrane was combined with the porous membrane made 
from polyolefine, as a result of seeing the above-mentioned trouble and examining it wholeheartedly. 
[0005] That is, this invention relates to the separator for rechargeable lithium-ion batteries which 
consists of [1] polyolefine porous membrane and polyester resin porous membrane. 
[0006] Furthermore, this invention relates to the separator for rechargeable lithium-ion batteries which 
comes to carry out the laminating of [2] polyolefine porous membrane and the polyester resin porous 
membrane. 

[0007] Furthermore, this invention carries out the laminating of [3] polyolefme porous membrane and 
the polyester resin porous membrane, and relates to the separator for rechargeable lithium-ion batteries 
which comes to join both together with adhesives. 

[0008] Moreover, this invention relates to the rechargeable lithium-ion battery which comes to use the 
separator of a publication for either of aforementioned [1]- [3] as this separator in the nonaqueous 
electrolyte lithium ion battery containing [4] positive-electrode sheet, a separator, nonaqueous 
electrolyte, and a negative-electrode sheet. 

[0009] 

[Embodiment of the Invention] Next, this invention is explained to a detail. The separator for 
rechargeable lithium-ion batteries of this invention is characterized by consistmg of polyolefine porous 
membrane and polyester resin porous membrane. Furthermore, it is characterized by the separator for 
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rechargeable lithium-ion batteries of this invention coming to carry out the laminating of polyolefine 
porous membrane and the polyethylene terephthalate nonwoven fabric. Moreover, the separator for 
rechargeable hthium-ion batteries of this invention carries out the laminating of polyolefine porous 
membrane and the polyester resin porous membrane, and is characterized by coming to join both 
together with adhesives. 

[0010] The polyolefine porous membrane in this invention is porous membrane which consists of 
polyolefine. When the magnitude of an opening or this opening of this porous membrane can resemble a 
cylinder, a cylindrical diameter (it may be hereafter called an aperture) has desirable 3 micrometers or 
less, and 1 micrometer or less is 0. 1 micrometers or less still more desirable still more preferably. When 
the average magnitude or the aperture of this opening exceeds 3 micrometers and the carbon powder 
which is the principal component of a positive electrode or a negative electrode, and its wafer drop out, 
the problem of being easy to connect too hastily may arise. 30 - 80 volume % of the voidage of this 
polyolefine porous membrane is 40 to 70 volume % desirable still more preferably. Since the amount of 
maintenance of the electrolytic solution is enough in the case of such range, the reinforcement of this 
film also has it and a shutdown fiinction also has it, it is desirable. [ enough for it ] [ enough for it ] 3-30 
micrometers is desirable still more desirable, and the thickness of this fihn is 5-20 micrometers. In the 
case of such range, a shutdown fimction is enough, and since high electric capacity-ization can fiiUy 
attain, it is desirable. 

[001 1] The polyolefine which it softens at 80-180 degrees C, and a porous opening is blockaded as 
polyolefine, and does not dissolve in the electrolytic solution is desirable. Specifically, at least one sort 
of polyolefines chosen from polyethylene, such as low density polyethylene, high density polyethylene, 
and ultra high molecular weight polyethylene, polypropylene, etc. are mentioned. This polyolefine 
porosity film can contain an inorganic or organic particle if needed. 

[0012] Because of the request of a miniaturization of a cell, it is still more desirable that it is 8-20 
micrometers, it is desirable that thickness is 5-50 micrometers, and it is [ as for the polyester resin 
porous membrane in this invention, it is desirable that the voidage is 40 to 95 volume %, and ] still more 
desirable that it is 50 to 80 volume %. As polyester resin, the copolymer of polyethylene terephthalate, 
polybutylene terephthalates, and/or these resin is mentioned, and polyethylene terephthalate is desirable. 

[0013] As for the gestalt of the polyester resin porous membrane in this invention, a nonwoven fabric, 
paper, or textile fabrics is mentioned. A staple fiber or continuous glass fiber is sufficient as the raw 
material fiber of this polyester resin porous membrane, and its polyester resin fiber 3 deniers or less is 
more desirable than the thickness of the porous membrane obtained, and the viewpoint of voidage. 
[0014] As for this polyester resin porous membrane, what makes it a nonwoven fabric, paper, or textile 
fabrics, and is obtained by carrying out calender processing using polyester resin fiber 3 deniers or less 
is desirable in respect of thickness. 

[0015] Furthermore, as for this polyester resin porous membrane, it is desirable to consist of at least two 
kinds of fiber from which the presentation of polyester resin or the melting point differs. As for this 
polyester resin porous membrane, specifically, what mixes polyester resin fiber 3 deniers or less with 
binder fiber, uses the obtained mixed fiber as a nonwoven fabric, paper, or textile fabrics, and is 
obtained by carrying out heating calender processing is desirable. The fiber which the fiber which glass 
transition temperature becomes from the resin which is 50-80 degrees C around 60 degrees C as binder 
fiber here is mentioned, and the fiber which consists of polyester resin as fiber which consists of this 
resin is mentioned, and especially consists of a polyethylene terephthalate fiber is desirable. 
Furthermore, as this binder fiber, high-melting resin serves as the heart and the fiber with which the 
resin of a low-melt point point has covered the perimeter of the heart is also mentioned. 
[0016] In the separator of this invention, various approaches are possible to the laminating approach of 
polyolefine porous membrane and polyester resin porous membrane. Although two-layer junction may 
not be performed but mere superposition is sufficient, it is more desirable to carry out laminating 
immobilization from the point of handling nature. Although the approach by adhesives, the approach by 
thermal melting arrival, etc. are mentioned as the fixed approach, this invention is not limited to these. 
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[0017] The rechargeable lithium-ion battery of this invention is characterized by coming to use the 
aforementioned separator as this separator in the nonaqueous electrolyte lithium ion battery containing a 
positive-electrode sheet, a separator, nonaqueous electrolyte, and a negative-electrode sheet. What 
supported the mixture containing positive active material, electric conduction material, and a binder on 
the charge collector is used for the positive-electrode sheet in this invention. Specifically, what contains 
thermoplastics etc. as a binder can be used as this positive active material including a carbonaceous 
ingredient including the ingredient in which a dope and a dedope of a lithium ion are possible as electric 
conduction material. As an ingredient in which a dope and a dedope of this Uthium ion are possible, the 
lithium multiple oxide containing at least one sort of transition metals, such as V, Mn, Fe, Co, and 
nickel, is mentioned. The lithium multiple oxide which uses as a parent spinel type structures which use 
as a parent alpha-NaFeO 2 mold structures, such as a multiple oxide with the litiiium which contains the 
transition metals or alvmiinum other than cobalt / lithium multiple oxide, nickel, and nickel in that 
average discharge potential is high preferably especially, such as a stratified lithium multiple oxide and a 
lithium manganese spinel, is mentioned. 

[0018] As thermoplastics as this binder, the copolymer of a copolymer [ of polyvinylidene fluoride and 
vinylidene fluoride ], polytetrafluoroethylene, and tetrafluoroethylene-hexa FURORO propylene, the 
copolymer of tetrafluoroethylene-perfluoroalkyl vinyl ether, the copolymer of ethylene- 
tetrafluoroethylene, the copolymer of vinyhdene fluoride-hexafluoropropylene-tetrafluoroethylene, 
thermoplastic polyimide, polyethylene, polypropylene, etc. are mentioned. Moreover, although there is 
an approach by gestalten, such as a solution, an emulsion, and hot melt, when using these, it is not 
limited to these. 

[0019] As a carbonaceous ingredient as this electric conduction agent, a natural graphite, an artificial 
graphite, corks, carbon black, etc. are mentioned. As electric conduction material, you may use 
independently, respectively and the compound electric conduction material system of mixing and using 
an artificial graphite and carbon black, for example may be chosen. A graphite, amorphous carbon, etc. 
are mentioned as a negative electrode in this invention. 

[0020] As a nonaqueous electrolyte solution used with the lithium ion battery of this invention, the 
nonaqueous electrolyte solution made to dissolve Uthium salt in an organic solvent for example can be 
used. As lithium salt, one sort or two sorts or more of mixture is mentioned among LiC104, LiPF6, 
LiAsF6, LiSbF6, LiBF4, LiCF3S03, LiN (S02CF3)2 and LiC (S02CF3)3, Li2B10C110, low-grade 
aliphatic-carboxylic-acid lithium salt, LiAlC14, etc. It is desirable to use LiPF6, LiAsF6, LiSbF6 and 
LiBF4 which contain a fluorine also in these, LiCF3S03, and the thing containing at least one sort 
chosen fi-om the group which consists of LiN (CF3S02)2 and LiC (CF3S02)3 as lithium salt. 
[0021] As an organic solvent used by the nonaqueous electrolyte of this invention For example, 
propylene carbonate, ethylene carbonate, dimethyl carbonate, Diethyl carbonate, ethyl methyl carbonate, 
4-trifluoromethyl -1, 3-dioxolane-2-ON, Carbonate, such as 1 and 2-JI (methoxycarbonyloxy) ethane; 1, 
2-dimethoxyethane, 1, 3-dimethoxypropane, the pentafluoro propylmethyl ether, 2,2,3,3- 
tetrafluoropropyldifluoromethylether, Ether, such as a tetrahydrofiiran and 2-methyl tetrahydrofuran; 
Methyl formate, Ester, such as methyl acetate and gamma-butyrolactone; An acetonitrile, Nitril, such as 
butyronitrile; N.N-dimethylformamide, amides [, such as N,N-dimethylacetamide, ]; ~ carver mate [, 
such as 3-methyl-2-oxazolidone, ]; ~ a sulfolane - Although sulphur-containing compounds, such as 
dimethyl sulfoxide, 1, and 3-propane ape ton, or the thing which introduced the fluorine substituent into 
the above-mentioned organic solvent can be used, two or more of sorts of these are usually mixed and 
used. 

[0022] Also in these, the mixed solvent containing carbonate is desirable and the mixed solvent of 
annular carbonate, im-annular carbonate or annular carbonate, and ether is still more desirable. As a 
mixed solvent of annular carbonate and un-annular carbonate, an operational temperature range is wide 
and the mixed solvent which contains ethylene carbonate, dimethyl carbonate, and ethyl methyl 
carbonate in that it is difficulty resolvability even when it excels in a load characteristic and graphite 
ingredients, such as a natural graphite and an artificial graphite, are used as an active material of a 
negative electrode is desirable. 
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[0023] As a negative-electrode sheet in this invention, the ingredient which can dedope [ a dope and ] a 
lithium ion, a lithium metal, or a lithium alloy can be used, for example. As an ingredient in which a 
dope and a dedope of a lithium ion are possible, chalcogen compounds which perform the dope and 
dedope of a lithium ion with potential lower than carbonaceous ingredients, such as a natural graphite, 
an artificial graphite, corks, carbon black, pyrolytic carbon, a carbon fiber, and an organic high 
molecular compound baking object, and a positive electrode, such as an oxide and a sulfide, are 
mentioned. The carbonaceous ingredient which uses graphite ingredients, such as a natural graphite and 
an artificial graphite, as a principal component highly [ potential surface smoothness ] as a carbonaceous 
ingredient in that big energy density is obtained when it combines with a positive electrode, since 
average discharge potential is low is desirable. 

[0024] Moreover, if the negative electrode containing polyethylene carbonate is used when using 
combining the electrolyte of a liquid and the electrolyte of this liquid does not contain ethylene 
carbonate, since a cycle property and a high current discharge property will improve, it is desirable. 
Any, such as floe of a thin film integrated circuit like a natural graphite, a globular shape like a meso 
carbon micro bead, fibrous [ like graphitized-carbon fiber ], or impalpable powder, are sufficient as the 
configuration of a carbonaceous ingredient, and it can add the thermoplastics as a binder if needed. As 
thermoplastics, the copolymer of polyvinylidene fluoride and polyvinyUdene fluoride, the copolymer of 
vinylidene fluoride-hexa FURORO propylene-TERORAFURORO ethylene, thermoplastic polyimide, 
polyethylene, polypropylene, etc. are mentioned. A crystalline substance or an amorphous oxide etc. 
which made the subject 13 like the amorphous compound which made the stannic-acid ghost the subject, 
for example as chalcogen compounds, such as an oxide used as a negative electrode and a sulfide, of a 
periodic table, 14, and 15 groups is mentioned. Also about these, the carbonaceous ingredient as electric 
conduction material and the thermoplastics as a binder can be added if needed. 
[0025] As a negative-electrode charge collector used by the nonaqueous electrolyte ion cell of this 
invention, although Cu, nickel, stainless steel, etc. can be used, Cu is desirable at the point of being hard 
to make a lithium and an alloy especially in a lithium ion battery, and being easy to process it into a thin 
film. As an approach of making the mixture which contains a negative-electrode active material in this 
negative-electrode charge collector supporting, it pastes using the approach of carrying out 
pressurization molding, or a solvent, and the approach of pressing after spreading desiccation on a 
charge collector, and sticking by pressure is mentioned. 
[0026] 

[Example] Hereafter, although an example and the example of a comparison explain this invention in 
detail, this invention is not limited to these examples. 
[Explanation of a test method] 

[0027] Thickness measuring method of a film: The thickness of the obtained fihn is JIS. K7130-1992 It 
followed and measured. 

Voidage: The fihn was cut off for the square of one side of 10cm die length, and weight W (g) and 
thickness D (cm) were measured. Sample weight was broken by true specific gravity, and it asked for 
voidage (volume %) fi-om the degree type. 

voidage (%) =100- {(D[ W / true specific gravity / ]/100}xlOO collapse test method: the side periphery 
center section of the created cell was compressed up to 1/4 path of a cell with the iron round bar with a 
diameter of 30mm, and the internal pressure rise was investigated.) 

**** test method: It wamed fi^om the side face of the created cell, and the temperature rise of a cell was 

investigated. 

[0028] As example 1 polyolefine porous membrane, polyethylene porous membrane (40% of voidage) 
with a thickness [ by TONEN CORP. ] of 16 micrometers was used. As a polyethylene terephthalate 
nonwoven fabric, the polyethylene terephthalate nonwoven fabric (0132-HT-8, 73% of voidage) with a 
thickness [ by Hirose Paper incorporated company ] of 20 micrometers was used. The laminating of 
these was carried out and it used as a separator. The cylindrical rechargeable lithium-ion battery was 
produced using a graphite as a negative electrode using LiCo02 as a positive electrode. The collapse 
trial and the **** trial were performed to the obtained cell. The result is shown in Table 1. In the 
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collapse trial of Table 1, as for x, it is shown that the remarkable internal pressure rise was accepted, and 

0 shows ****** in which only the moderate internal pressure rise was accepted, the **** trial of Table 

1 - setting — X ~ ******** ~ the remarkable temperature rise was accepted - being shown - O - 
******** — it is shown that only the moderate temperature rise was accepted. 

[0029] As example 2 polyolefine porous membrane, polyethylene porous membrane (40% of voidage) 
with a thickness [ by TONEN CORP. ] of 16 micrometers was used. As a polyethylene terephthalate 
nonwoven fabric, the polyethylene terephthalate nonwoven fabric (0132-HT-8H, 54% of voidage) with a 
thickness [ by Hirose Paper incorporated company ] of 12 micrometers was used. The laminating of 
these was carried out and it used as a separator. The cylindrical rechargeable lithium-ion battery was 
produced using a graphite as a negative electrode using LiCo02 as a positive electrode. The collapse 
trial and the **** trial were performed to the obtained cell. The result is shown in Table 1. 
[0030] As example 3 polyolefine porous membrane, polyethylene porous membrane (40% of voidage) 
with a thickness [ by TONEN CORP. ] of 16 micrometers was used. As a polyethylene terephthalate 
nonwoven fabric, the polyethylene terephthalate nonwoven fabric (032-HT-8H, 61% of voidage) with a 
thickness [ by Hirose Paper incorporated company ] of 1 5 micrometers was used. The laminating of 
these was carried out and it used as a separator. The cylindrical rechargeable lithium-ion battery was 
produced using a graphite as a negative electrode using LiCo02 as a positive electrode. The collapse 
trial and the **** trial were performed to the obtained cell. The result is shown in Table 1. 
[0031] As example 4 polyolefine porous membrane, polyethylene porous membrane (40% of voidage) 
with a thickness [ by TONEN CORP. ] of 16 micrometers was used. As a polyethylene terephthalate 
nonwoven fabric, the polyethylene terephthalate nonwoven fabric (012-HT-8H, 47% of voidage) with a 
thickness [ by Hirose Paper incorporated company ] of 1 1 micrometers was used. The laminating of 
these was carried out and it used as a separator. The cylindrical rechargeable lithium-ion battery was 
produced using a graphite as a negative electrode using LiCo02 as a positive electrode. The collapse 
trial and the **** trial were performed to the obtained cell. The result is shown in Table 1. 
[0032] As example of comparison 1 separator, the rechargeable Uthium-ion battery was produced like 
the example 1 except using polyethylene porous membrane (40% of voidage) with a thickness [ by 
TONEN CORP. ] of 16 micrometers. The collapse trial and the **** trial were performed to the 
obtained cell. The result is shown in Table 1 . 

[0033] As example of comparison 2 separator, the rechargeable lithium-ion battery was produced like 
the example 1 except using polyethylene porous membrane (40% of voidage) with a thickness [ by 
TONEN CORP. ] of 25 micrometers. The collapse trial and the **** trial were performed to the 
obtained cell. The result is shown in Table 1 . 
[0034] 
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[0035] 

[Effect of the Invention] By using the separator for rechargeable lithium-ion batteries of this invention, 
the rechargeable lithium-ion battery whose safety improved fiirther fi"om before is obtained. 



[Translation done.] 
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